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ABSTRACT 

	Introduction: Rapid diagnostic tests (RDTs) that detect the histidine-rich protein 2 (HRP2) antigen are fundamental to malaria diagnosis in sub-Saharan Africa. However, their diagnostic performance can vary depending on the epidemiological context, local operational conditions, including laboratory capacity, personnel expertise and quality assurance. This study aimed to evaluate the performance of HRP2-based RDTs in sentinel sites across Gabon, and to identify factors associated with positive test results.
Methods: A cross-sectional study was conducted among 447 patients recruited from multiple sentinel sites. Light microscopy of Giemsa-stained thick blood films was used as the reference standard. Malaria prevalence, diagnostic performance indicators (sensitivity, specificity, positive and negative predictive values, and overall accuracy) and discrepancies between diagnostic methods were estimated. Univariate and multivariable logistic regression analyses were performed to identify factors independently associated with HRP2-RDT positivity.
Results: Malaria prevalence was 32.2% according to microscopy and 43.4% according to the HRP2-RDT. The overall sensitivity of the RDT was 84%, with substantial variability between sites, ranging from 66% in Melen to 100% in Mouila. Specificity also varied substantially, reaching 95% in Melen and decreasing to 58% in Oyem. The positive and negative predictive values were 66% and 89%, respectively, giving an overall diagnostic accuracy of 79%. Among patients with a negative HRP2-RDT result, 10.7% had a malaria infection confirmed by microscopy. The overall discordance rate between the two diagnostic methods was 21%, primarily observed in Oyem and Moanda. Multivariable analysis revealed that patients attending health facilities in Mouila, Oyem and Bitam had a significantly higher likelihood of testing positive by HRP2-RDT than those in Melen.
Conclusion: The diagnostic performance of HRP2-based RDTs varied significantly across sentinel sites, with an overall rate of discordance of 21.0%. These findings highlight the need for cautious interpretation of RDT results and for strengthening diagnostic capacities, particularly microscopy, within malaria surveillance systems in Gabon. 
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1. INTRODUCTION 

Malaria remains a significant public health issue worldwide, particularly in sub-Saharan Africa, where the highest rates of morbidity and mortality related to the disease are found (WHO, 2024). According to the World Health Organisation (WHO), the region accounts for around 94% of malaria cases and 95% of deaths, with the greatest impact being felt by children and pregnant women living in areas of intense transmission (WHO, 2024). Despite progress through integrated malaria control strategies implemented since 2000, malaria remains endemic in Central African countries, including Gabon, where transmission is perennial and heterogeneous (Mawili-Mboumba et al., 2013; Moutombi-Ditombi et al., 2020; Ndong Ngomo et al., 2023).
Parasitological confirmation is fundamental to both the clinical management of malaria and its epidemiological surveillance. Light microscopy, the reference method, enables both parasite detection and quantification of parasitaemia (Moody, 2002). 
However, its use remains limited in peripheral health facilities due to the need for skilled personnel, appropriate equipment and continuous quality control (WHO, 2024). To overcome these constraints, malaria rapid diagnostic tests (RDTs) have been widely deployed and currently represent the most commonly used diagnostic tool in many endemic countries. This is in line with international recommendations that treatment should only be given after parasitological confirmation (WHO, 2024). 
Following policy changes in malaria control, the increased use of RDTs has substantially contributed to reducing malaria-related mortality, which declined from approximately 806,000 deaths in 2003 to 589,000 in 2023  (WHO, 2025).
Most RDTs used in Africa are based on the detection of histidine-rich protein 2 (HRP2), which is specific to Plasmodium (P.) falciparum. A 2011 study conducted at the sentinel site of Centre Hospitalier Universitaire de Libreville showed that the Acon® HRP2 test exhibited 96.6% specificity and a relatively low false-positive rate of 9.3% (Bouyou Akotet et al., 2013). While several studies conducted in Libreville and Melen have demonstrated the good sensitivity and specificity of HRP2-based RDTs  (Bouyou Akotet et al., 2013; Moutombi-Ditombi et al., 2020), their diagnostic performance may be compromised by various factors. These include low parasitaemia, user errors, inadequate storage conditions and the emergence of P. falciparum parasites harbouring hrp2 and hrp3 gene deletions. These genetic deletions are becoming increasingly prevalent in several African regions and may result in false-negative HRP2-RDT results. This raises concerns about the reliability of the diagnosis and the effectiveness of surveillance strategies that rely heavily on these tools (Agaba et al., 2024; Kong et al., 2021; Niyukuri et al., 2022).
In Gabon, malaria remains a major cause of paediatric consultations and hospital admissions, with transmission intensity varying across urban, semi-urban and rural settings. Previous data reported malaria prevalence of 17 %, 34–36 % and 48 % in Franceville, Melen and Bitam, respectively (Imboumy-Limoukou et al., 2023; Mawili-Mboumba et al., 2025; Ndong Ngomo et al., 2023). Higher prevalence rates have been reported among children, with a median age of 5 years, reaching up to 71 % in certain settings (Ndong Ngomo et al., 2025).
Although RDTs are widely used in healthcare facilities and the national malaria surveillance system, data comparing diagnostic discrepancies between RDTs and microscopy under routine field conditions is scarce. This is a significant public health concern as it can lead to the mismanagement of individual cases, an inaccurate estimation of malaria prevalence and compromised surveillance data quality, which is used to inform national malaria control policies. The aim of this study was to evaluate the sensitivity and specificity of the HRP 2-RDT, as well as the rate of discordance between the RDT and microscopy, in the context of malaria epidemiological surveillance and strengthening the diagnostic capacities of laboratory technician in the sentinel sites in Gabon. 


2. methodology

2.1. Study design
A prospective analytical pilot study was conducted from February to December 2023 at selected sentinel sites operating under the supervision of the Department of Parasitology–Mycology and Tropical Medicine (SPMET), University of Health Sciences (USS), Gabon.

2.2. Study setting and sites
The study was carried out in five sentinel sites, which were selected according to their level of malaria endemicity. The Centre "Hospitalier Régional de l’Estuaire Melen" (CHREM) is an urban healthcare facility located in Libreville, in the Estuaire province (0.3896°N, 9.4910° E), situated approximately 11 km from the centre of Libreville. The "Centre de Santé de Mouanda" (CSM) is situated in a rural mining area in Haut-Ogooué Province (1.5667° S, 13.2640° E), approximately 950 km from Libreville. The "Centre Hospitalier Régional d’Oyem" (CHRO), located in Woleu-Ntem Province (1.6167° N, 11.5833° E), is in a semi-urban area, around 470 km from Libreville. The "Centre Hospitalier Régional de Mouila" (CHRM) is situated in a rural area corresponding to a small town in Ngounié Province (1.8510° S, 11.0300° E), approximately 550 km from Libreville. Finally, the "Hôpital Départemental de Bitam" (HDB) is located in the northern part of the country, in the Woleu-Ntem province (2.0710° N, 11.4910° E) and represents a rural border setting approximately 650 km from Libreville. The distances between the study sites ranged from 470 to 950 km, providing coverage of diverse geographical profiles and epidemiological contexts, including urban, semi-urban, and rural settings. This distribution ensured broad national representativeness of malaria surveillance in Gabon (Figure 1).
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Figure 1: Map of malaria of sentinel sites in four provinces of Gabon (RStudio running R version 4.3.3 (2024-02-29, ucrt)


2.3. Study population

The study population consisted of febrile children and adolescents (axillary temperature ≥ 37.5 °C) or individuals with a history of fever, aged under 20 years of age, who attended sentinel health facilities for clinical suspicion of malaria. 


2.4. Screening
Parents or legal guardians of children were invited to provide written informed consent, and assent was obtained from adolescents aged over 12 years. Once consent was obtained, a pre-tested structured questionnaire was administered to collect sociodemographic, clinical and epidemiological data. The questionnaire covered sociodemographic characteristics (sex, age, level of education and occupation), malaria prevention methods, and history of fever.
Axillary temperature was measured using an electronic thermometer, and fever was defined as a body temperature ≥ 37.5 °C.


2.5. Malaria diagnostic procedures
Two milliliters (2 mL) of venous blood were collected from each child using sterile single-use syringes accordance with the standard protocol as laboratory. One drops of whole blood were immediately applied to RDT using the manufacturer’s applicator and onto glass slides for the preparation of thick and thin blood films.

2.5.1. Microscopic diagnosis

Thick blood films were prepared using the Lambaréné method, which allows estimation of parasitaemia. For each patient, 10 µL of blood were used for the thick film and 2 µL for the thin film. After air-drying, slides were stained with 20% Giemsa for 10 minutes, rinsed and dried prior to examination under a microscope using a ×100 oil-immersion objective (Planche et al., 2001). 
Parasite quantification was performed based on the number of microscopic fields examined on the thick film and the identification of asexual parasite stages (trophozoites and schizonts). Parasitaemia was expressed as parasites/µL (Planche et al., 2001). A double reading by an expert WHO-validated microscopist carried out a double reading at the Melen sentinel site, reference laboratory for malaria diagnosis. Data were recorded in case report forms prior to statistical analysis. 

2.5.2. ACON® malaria rapid diagnostic test

The ACON® Malaria Pf/Pan rapid diagnostic test (ACON Laboratories Inc., San Diego, CA, USA) is an immunochromatographic assay intended for the in vitro diagnosis of Plasmodium infection. It enables qualitative detection of the HRP2 antigen specific to Plasmodium falciparum and the pan–lactate dehydrogenase (pLDH) antigen common to other human-infecting Plasmodium species (P. vivax, P. ovale and P. malariae).
Each ACON® Malaria Pf/Pan kit (Ref L031-1091, Lot: MALPA3060003) contained 25 individually sealed test cassettes, a buffer solution vial, 25 sterile single-use lancets, disposable capillary pipettes and 70% alcohol swabs for skin disinfection. The test has a shelf life exceeding 12 months and recommended storage conditions between 2 °C and 30 °C, in accordance with the manufacturer’s instructions.
The test device consists of a nitrocellulose membrane pre-coated with capture bands comprising monoclonal antibodies directed against P. falciparum HRP2 antigen and pan-pLDH antigen, as well as an internal control band ensuring test validity. The antibodies are conjugated to a colourimetric tracer, typically colloidal gold, allowing direct visual interpretation of results.
Each ACON® cassette was labelled with a unique code corresponding to the study participant and the associated microscopy slide. Approximately 5 µL of venous whole blood were dispensed into the sample well using the provided pipette, followed by the addition of two drops (≈60 µL) of buffer. The test was left at room temperature, and results were read after 15–20 minutes, in accordance with the manufacturer’s recommendations.
A result was considered negative when only the control band was visible. The presence of two bands, corresponding to the control band and the HRP2 band, was interpreted as P. falciparum infection. The appearance of the pan-pLDH band, with or without the HRP2 band, indicated infection with another Plasmodium species or a mixed infection. Any test lacking a control band was considered invalid and repeated.


2.6. Statistical analysis

Data were entered, cleaned, and analyzed using RStudio running R version 4.3.3 (2024-02-29, ucrt). Categorical variables were summarized as frequencies and percentages, while continuous variables were described using means and standard deviations or medians and interquartile ranges, as appropriate based on data distribution.
Malaria prevalence was estimated separately for light microscopy and the HRP2-RDT, with corresponding 95% confidence intervals (95% CI). The diagnostic performance of the HRP2-RDT was assessed using microscopy as the reference technic. Sensitivity, specificity, positive predictive value (PPV), negative predictive value (NPV), and overall diagnostic accuracy were calculated, each with 95% CI.
Discrepancies between HRP2-RDT and microscopy results were analyzed overall and by sentinel site. Comparisons between sites were performed using the chi-square test or Fisher’s exact test when expected cell counts were less than five.
To identify factors associated with HRP2-RDT positivity, logistic regression analyses were conducted. Variables with a p-value < 0.20 in univariate analyses were included in the multivariable model. Results were expressed as adjusted odds ratios (aORs) with 95% CI.
The mapping of sentinel sites was performed using RStudio, allowing visualization of the geographic distribution of study sites across the provinces of Gabon.
A two-sided p-value < 0.05 was considered statistically significant for all analyses.











3. results 

A total of 447 patients were screened. Microscopic and immunological diagnosis using the HRP2-based rapid diagnostic test (HRP2-RDT) revealed a Plasmoduim sp infection prevalence of 32.8% (147/447) and 43.4% (194/447), respectively (Figure 2).
447 Patients screened 

Microscopy

RDT-HRP2



133 P. falciparum infections
147 P. falciparum infections 

59 P. falciparum infections + Pan

6 co-infections P. falciparum + P. malariae

2 Pan
1 co-infection P. falciparum + P. ovale


223 Negatives
2 P. ovale infections


2 P. malariae infections



251 Negatives


Figure 2 : Schematic profile of the study participant 

3.1. Characteristics of population
A total of 447 patients were included in the study (Table 1). The median age was 11 years [3 – 31]. More than three quarters of the patients presented with hyperthermia (> 37.5 °C) (87%; 318/447). All patients from Moanda and almost all patients from Melen, Mouila and Oyem were febrile, whereas approximately 30% (89/157) of patients from Bitam were afebrile.
The median parasitaemia was 5,620 parasites/µL [420 – 35,000]. Parasitaemia levels were highest in Mouila (17,150 parasites/µL), followed by Bitam (13,825 parasites/µL) and Oyem (11,200 parasites/µL). The proportion of patients with a parasitaemia below 200 parasites/µL was 3.5 times lower than that of patients with a parasitaemia above 200 parasites/µL.
Table 1 : General characteristics of the study population
	Characteristics
	CHRM-MELEN (n=108)
	HDB-BITAM
(n=157)
	CSM-MOANDA
(n=46)
	CHRM-MOUILA
(n=43)
	CHRO-OYEM
(n=93)
	Overall

	
	
	
	
	
	
	447

	Median age (IQR), (year)
	2 [1 - 6]
	21 [6-42]
	14 [3 - 25]
	16 [6 - 32]
	19 [9 - 33]
	11 [3 - 31]

	Men, % (n/N)
	29 (57/108)
	34 (65/157)
	12 (23/46)
	7.2  (14/43)
	18 (35/93)
	43 (194/447)

	Fever at admission, %, (n/N)
	98 (104/108)
	70 (98/157)
	100 (46/46)
	90 (35/43)
	97 (35/93)
	71 (318/447)

	Median parasitaemia (IQR), parasites p/µL
	700 [70 - 3220]
	13825 [1330 - 67200]
	1640 [115- 17473]
	17150 [2450 - 33600]
	11200 [1540 - 42000]
	5620 [420 - 35000]

	Parasitaemia <200p/µL, %, (n/N)
	41 (12/29)
	17 (10/59)
	35 (7/20)
	5.0 (1/20)
	12% (2/17)
	22 (32/145)

	Parasitaemia   ≥200p/µL, %, (n/N)
	59 (17/29)
	83 (49/59)
	65 (13/20)
	95 (19/20)
	88% (15/17)
	78 (113/145)


CHRM : Centre Hospitalier Régional de l’Estuaire Melen, HDB : Hopital Départemental de Bitam, CSM : Centre de Santé de Mouanda, CHRO : Centre Hospitalier Régional d’Oyem, IQR : [25% - 75%]


3.2. Concordance
Among the 186 patients with a positive RDT result, microscopic examination confirmed Plasmodium infection in 66.1% of cases. Conversely, among the 223 patients with a negative RDT result, Plasmodium spp. infection was detected by microscopy in 10.7% of individuals. (Table 2). 
Table 2 : Overall frequency of cross-referenced results between RDTs and microscopy
	
	RDT-positive (N=186)
% (n/N)
	RDT-negative (N=223)
% (n/N)

	Microscopy-Positive
	66.1 (123/186)
	10.7 (24/223)

	Microscopy-Negative
	33.9 (63/186)
	85.3 (199/233)





3.3. Diagnostic performance of the ACON RDT
The results from the sentinel sites showed an overall sensitivity of 84%. Sensitivity reached 100% in Mouila (95% CI: 83–100) and was high in Bitam (93%; 95% CI: 84–98), whereas it was lower in Melen (66%; 95% CI: 46–82). By contrast, test specificity was highest in Melen (95%; 95% CI: 86–99) and lowest in Oyem (58%; 95% CI: 45–69) (p<0.01). 
The overall positive predictive value (PPV) was 66%, with the highest value observed in Mouila (100%) and a high PPV in Melen (86%). The overall negative predictive value (NPV) was estimated at 89%, with a lower value in Melen (74%) compared with the other sites. The overall diagnostic accuracy of the test was 79%, being higher in Mouila (95%) and Melen (85%) (Table 3).

Table 3: RDT validity to diagnose Plasmodium falciparum malaria according to sentinel sites
	Indicator
	CHREM-MELEN
	HDB-BITAM
	CMM-MOANDA
	CHRM-MOUILA
	CHRO-OYEM
	Overall

	Sensitivity % (CI 95%)
	66 (46-82)
	93 (84-98)
	71 (48-89)
	100 (83-100)
	78(52-94)
	84 (77-89)

	Specificity % (CI 95%)
	95 (86-99)
	74 (63-82)
	81 (58-95)
	89 (67-99)
	58 (45-69)
	76 (70-81)

	PPV % (CI 95%)
	86 (65-97)
	70 (58-79)
	79 (54-94)
	91 (71-99)
	32 (19-48)
	66 (59-73)

	NPV % (CI 95%)
	85 (74-93)
	94(86-98)
	74 (52-90)
	100(89-100)
	91(79-98)
	89 (84-93)

	Overall diagnostic accuracy (CI 95%)
	85(76-92)
	81(74-87)
	76 (61-88)
	95(83-99)
	62(51-72)
	79 (74-83)


PPV: positive predictive value, CI: confidence interval, NPV: negative predictive value, CHRM : Centre Hospitalier Régional de l’Estuaire Melen, HDB : Hôpital Départemental de Bitam, CSM : Centre de Santé de Mouanda, CHRO : Centre Hospitalier Régional d’Oyem



3.4. Frequency of discordances
The frequency of negative concordance between the rapid diagnostic test (RDT) and microscopy was 49% (123/409), with a higher value observed in Melen (64%; 57/89) (p < 0.01). The proportion of HRP2 false positives was 15.0% (63/409), being lower in Melen (3.4%; 3/89) or Mouila (5.1%; 2/39) but higher in Oyem 34.0 (30/89) (p < 0.01). 
The overall discordance rate between the two diagnostic methods was 21% (87/409). Discordances were highest in Oyem (38.0%; 34/89), followed by Moanda (24.0%; 10/42) and Bitam (19.0%; 28/50) and Melen (15.0%; 13/89) whereas they were significantly lower in Mouila (5.1%; 2/39) (Table 4).

Table 4 : Discordance and concordance rates between RDT and microscopy results
	Results
	CHREM-MELEN
N = 1081
	HDB-BITAM
N = 1571
	CSM-MOANDA
N = 461
	CHRM-MOUILA
N = 431
	CHRO-OYEM
N = 931
	Overall
N = 4471

	Positive concordance, % (n/N)
	21 (19/89)
	37 (55/150)
	36 (15/42)
	51 (20/39)
	16.0 (14/89)
	30.0 (123/409)

	Negative concordance, % (n/N)
	64 (57/89)
	45 (67/150)
	40 (17/42)
	44 (17/39)
	46.0 (41/89)
	49.0 (199/409)

	HRP2 false positives, % (n/N)
	3.4 (3/89)
	16 (24/150)
	9.5 (4/42)
	5.1 (2/39)
	34.0 (30/89)
	15.0 (63/409)

	HRP2 false negatives, % (n/N)
	11.0 (10/89)
	2.7 (4/150)
	14 (6/42)
	0.0 (0/39)
	4.5 (4/89)
	5.9 (24/409)

	Overall discordance, % (n/N)
	15 (13/89)
	19 (28/150)
	24 (10/42)
	5.1 (2/39)
	38.0 (34/89)
	21.0 (87/409)


CHRM : Centre Hospitalier Régional de l’Estuaire Melen, HDB : Hopital Départemental de Bitam, CSM : Centre de Santé de Mouanda, CHRO : Centre Hospitalier Régional d’Oyem

3.5. Logistic Regression Analysis
Taking Melen as the reference, multivariate analysis indicated that patients at Mouila, Oyem, and Bitam had significantly higher odds of testing positive by RDT, with adjusted odds ratios of 5.09 (95% CI: 2.17–12.4) (p<0.001) , 5.0 (95% CI: 2.09–12.5) (p<0.001), and 3.38 (95% CI: 1.76–6.66) (p<0.001), respectively (Table 5). 
Table 5: Logistic regression model examining factors associated with malaria RDT positivity
	Characteristic
	Prevalence by RDT
	Univariate regression 
	Multivariate regression

	
	Prevalence by RDT, % (n/N)
	Overall
N = 4251
	p-value2
	cOR
	95% CI
	p-value
	aOR
	95% CI
	p-value

	Gender
	
	
	0.8
	
	
	
	
	
	

	Women
	46 (108/236)
	100% (236/236)
	Reference

	Men
	45 (81/181)
	100% (181/181)
	
	0.96
	0.65, 1.42
	0.8
	1.05
	0.67- 1.66
	0.8

	Age groupe (in year) 
	
	
	0.093
	
	
	
	
	
	

	˂ 5 
	40 (51/129)
	100% (129/129)
	Reference

	≥ 5 
	48 (137/283)
	100% (283/283)
	
	1.44
	0.94, 2.20
	0.094
	1.13
	0.67- 1.92
	0.6

	Fever (Temperature ≥ 37°C)
	
	
	0.2
	
	
	
	
	
	

	 Yes
	46 (138/299)
	100% (299/299)
	Reference

	No
	55 (27/49)
	100% (49/49)
	
	1.43
	0.78, 2.65
	0.2
	0.91
	0.46-1.82
	0.8

	Sentinel sites
	
	
	<0.001
	
	
	
	
	
	

	 CHRM-MELEN
	25 (22/89)
	100% (89/89)
	Reference

	 HDB-BITAM
	53 (83/157)
	100% (157/157)
	
	3.42
	1.95, 6.17
	<0.001
	3.38
	1.76- 6.66
	<0.001

	CSM-MOANDA
	42 (19/45)
	100% (45/45)
	
	2.23
	1.04, 4.80
	0.040
	2.07
	0.94- 4.62
	0.072

	 CHRM-MOUILA
	58 (25/43)
	100% (43/43)
	
	4.23
	1.97, 9.33
	<0.001
	5.09
	2.17-12.4
	<0.001

	CHRO- OYEM
	49 (45/91)
	100% (91/91)
	
	2.98
	1.60, 5.69
	<0.001
	5.00
	2.09, 12.5
	<0.001



CI: Confidence Interval, cOR: crude odds ratios, aOR : adjusted odds ratios 







4. DISCUSSION


This study evaluated the diagnostic performance of the ACON® Malaria Pf/Pan rapid diagnostic test (RDT), which detects the HRP2 antigen for Plasmodium falciparum and pLDH for non-falciparum species, across five sentinel sites in Gabon, compared with microscopy. The results highlight a marked in sentinel sites variability in RDT performance, underscoring the combined influence of epidemiological context, parasite density, and local operational conditions on diagnostic effectiveness.
This study highlighted the overestimation of the high prevalence of malaria by RDT (43.4  %) compared with microscopy (32.2 %). This overestimation is widely reported in African studies and is mainly attributed to the persistence of HRP2 in the blood for several days to weeks after effective treatment, leading to false-positive results (Shiff et al., 1993; WHO, 2023). Comparable findings were reported by Ning Teh et al. in Cameroon, who observed a significantly higher prevalence estimated by HRP2-based RDT (47 %) compared with microscopy (31 %), particularly in areas of perennial transmission. The study highlighted that this discordance reflects recent exposure rather than active infection, limiting the interpretation of RDTs as indicators of true prevalence (Moutombi-Ditombi et al., 2020). Similar observations have been revealed in the Democratic Republic of Congo, Tanzania, and Ghana (Cunningham et al., 2019; Maltha et al., 2014).
The overall sensitivity observed in this study (84 %) meets the minimal thresholds recommended by the WHO for operational use of RDTs in sub-Saharan Africa (WHO, 2022). High sensitivities at Mouila (100 %) and Bitam (93 %) corresponded to high median parasitaemia in these sites, confirming the close relationship between parasite density and HRP2-RDT performance (Ning Teh et al., 2019). These results align with studies conducted in health centres and communities in Democratic Republic of Congo (DRC) and Cameroon, reporting sensitivities of 95–98 % and 97 %, respectively (Christian et al., 2025; Ilombe et al., 2014). Conversely, lower sensitivity at Melen may be explained by a higher proportion of low-density infections (<200 parasites/µL) or frequent self-medication with antimalarials (Mawili-Mboumba et al., 2025; Mihindou et al., 2024).
HRP2-RDT specificity was heterogeneous, with a high value at Melen (95 %) and a markedly lower value at Oyem (58 %), likely reflecting differences in transmission intensity and recent antimalarial consumption. These data are consistent with the findings from DRC, where community specificity was higher (75 %) compared to health centre specificity (58 %) (Ilombe et al., 2014). Conversely, studies in Senegal reported specificity of 94 %, suggesting that malaria risk and local epidemiology may influence test specificity (Diallo et al., 2017) Furthermore, studies in Uganda and Ghana showed that HRP2 false positives were more frequent in highly endemic areas, reducing positive predictive value (PPV) (Ansah et al., 2013; Kyabayinze et al., 2008). The overall moderate PPV (66 %) and high negative predictive value (NPV, 89 %) reinforce the role of microscopy as the first-line diagnostic tool, as recommended by WHO (WHO, 2025). 
At Oyem, the low PPV (32 %) suggests that a substantial proportion of RDT-positive patients did not have microscopically detectable infections. In high-transmission areas, such as Oyem and Bitam, HRP2 persistence after treated infection may result in residual positive RDTs, reflecting recent exposure rather than active infection. Frequent or recent antimalarial use without parasitological confirmation may also artificially inflate RDT positivity.
False negatives occurred in 10.7 % of RDT-negative patients, a clinically concerning proportion. Comparable rates have been reported in Côte d’Ivoire, Senegal, and Cameroon, especially in early or low-density infections (< 200 parasites/µL) (Gaye et al., 2020; Ning Teh et al., 2019; Ouattara et al., 2014). These false-negative results may be explained by parasite densities below the analytical detection threshold of HRP2-based RDTs (approximately 100–200 parasites/µL), as well as by variability in microscopy performance, which depends on the level of training and experience of microscopists, especially in settings with low parasite densities.
Multivariate analysis identified the sentinel site as an independent factor associated with RDT positivity. Higher odds at Mouila, Oyem, and Bitam suggest that RDT positivity reflects not only active infection but also local transmission intensity and diagnostic practices. Similar findings in Cameroon demonstrated that recruitment site was a major determinant of HRP2-RDT positivity, independent of microscopy results, highlighting the importance of local context in result interpretation (Ning Teh et al., 2019).
Key study limitations include the lack of molecular analyses for Pfhrp2/Pfhrp3 deletions, reliance on microscopist expertise, incomplete data on recent antimalarial use, and variable sample sizes across sites.
Beyond the intrinsic performance of rapid diagnostic tests, the quality of reference microscopy remains a major determinant of diagnostic accuracy, as it relies heavily on the competence of microscopists, the standardisation of procedures, and local working conditions. Although considered the gold standard, microscopy may show reduced sensitivity in the presence of low parasite densities, suboptimal slide preparation, or high workload. The inter-site variability observed in this study suggests that differences in microscopy competence contributed to the heterogeneity of diagnostic performance. Melen, used as the reference site, exhibited high specificity, reflecting strong parasitological identification skills and a robust capacity to exclude false-positive results. The lower sensitivity observed at Melen is more likely attributable to a higher proportion of low-density infections rather than technical limitations. In contrast, the marked discordance observed at Oyem, characterised by a low positive predictive value and high RDT positivity, indicates a priority need for capacity strengthening in microscopy, particularly for the detection of low-density parasitaemia. The high performance observed at Mouila and Bitam suggests more consistent microscopy expertise, which could serve as a foundation for inter-site mentorship activities and for harmonising diagnostic quality at the national level.


5. Conclusion

HRP2-RDT performance varies significantly across sentinel sites. These findings underscore the need for cautious interpretation of RDTs and strengthened diagnostic capacity, particularly microscopy, within malaria surveillance systems in Gabon, such as CHRO.
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